The simple equations for prediction of the density and viscosity of mixed electrolyte solutions were extended to the related properties of mixed ionic liquid solutions. The density and viscosity were measured for ternary solutions [C 2 The results were used to test the predictability of the extended equations. The comparison results show that these simple equations can be used to predict the density and viscosity of the mixed ionic liquid solutions from the properties of their binary subsystems of equal ionic strength. Density, viscosity, prediction, N-ethylquinolinium bromide, N-butylquinolinium 
Introduction
The thermodynamic and transport properties of mixed electrolyte solutions play an important role in a variety of fields, such as chemical engineering, separation processes, waste water treatment, pollution control, and oil recovery. A number of research groups have reported the physical properties of binary electrolyte solutions (Ruby and Kawai, 1926; Isono, 1984; Zhang and Han, 1996; Zhang et al, 1997; Königsberger et al, 2008) . Ruby and Kawai (1926) reported the density, equivalent conductivity, and relative viscosity of the binary solutions HCl+H 2 O, KCl+H 2 O, and NaCl+H 2 O at 25 °C. Isono (1984) reported the density, electrolytic conductivity, and viscosity of binary aqueous solutions of alkaline-and rare-earth metal chlorides (LaCl 3 , Na 2 SO 4 , NaNO 3 , NaBr, KNO 3 , KBr, and Cd(NO 3 ) 2 ) at different temperatures. Zhang and Han (1996) reported the density and viscosity of binary solutions NaCl+H 2 O and KCl+H 2 O at 25 °C. Zhang et al (1997) reported the density and viscosity of the binary solution CaCl 2 +H 2 O at 25 °C. Königsberger et al (2008) reported the density, viscosity, and heat capacity of binary solution MgCl 2 +H 2 O in the temperature range of 25-90 °C. However, the study of mixed electrolyte solutions is rarely reported. One of the objectives of the theory of electrolyte solutions is to calculate various properties of mixed electrolyte solutions in terms of the properties of binary solutions. Our research group has made efforts in development of simple equations to predict accurately the properties of mixed solutions based on the available information on binary electrolyte solutions (Hu, 2004; 2005) . Many simple equations have been established for thermodynamic properties. For example, several simple equations have been developed for prediction of density of mixed electrolyte solutions, such as the equation of Patwardhan and Kumar (Patwardhan and Kumar, 1986a; 1986b) , the rule of Young and Smith (Young and Smith, 1954) , and the semi-ideal solution theory (Hu, 2003; Hu et al, 2006a) . The equations of Patwardhan and Kumar and the semi-ideal solution theory have both been used together with Eyring's absolute rate theory to establish the simple equations for prediction of viscosity of mixed electrolyte solutions (Hu, 2004) . These approaches can all be used to predict the thermodynamic and transport properties of mixed solutions in terms of the properties of their binary subsystems. Recently, Yang et al (2010) have made comparison between prediction results by these equations and experimental data for mixed non-electrolyte solution, mixed electrolyte solution, and mixed solution of electrolyte and non-electrolyte.
Ionic liquids (ILs), with melting points generally below 100 °C, are comprised entirely of ions (Brennecke and Maginn, 2001 ). The ILs have unique properties such as very low vapor pressure, high ionic conductivity, outstanding catalytic property, and high thermal stability. So, ILs have attracted a great deal of attention for their potential use in various fields (Brennecke and Maginn, 2001 ). Generally, to design an industrial process involving ILs, it is necessary to know a range of their physical properties including density and viscosity. A key strategy in the application of ILs is that ILs are mixed to binary and ternary mixtures to achieve the desired result (Baltus et al, 2004; Lin and Freeman, 2005; Finotello et al, 2008) . Therefore, recently the mixtures of ILs have received growing attention (Baltus et al, 2004; Lin and Freeman, 2005; Finotello et al, 2008) . Up to now the studies of IL mixtures have focused on their volumetric behavior (Rebelo et al, 2005) , their effects on gas solubility (Finotello et al, 2008; Yokezeki and Shifflet, 2007) and on the local environment of solvatochromic probes (Fletcher and Pandey, 2002; Fletcher et al, 2003) , and their use as stationary phases in gas chromatography (Baltazar et al, 2008) and as electrolytes in solar cells (Fredlin et al, 2007 ). Investigations at a molecular level understanding of the structure and dynamics of ILs mixtures have also been undertaken. For example, Xiao et al (2006) have studied the intermolecular dynamics of binary IL mixtures by using optical heterodynedetected Raman-induced Kerr effect spectroscopy (OHD-RIKES). On the other hand, the presence of water in ILs can greatly affect their physicochemical properties (Seddon et al, 2000; Yang et al, 2007) . In addition, with the development more important to study the properties of aqueous solution of ILs (Dong et al, 2008; Wu et al, 2009 ). Therefore, a number of groups have studied the physicochemical properties of aqueous solution of ILs (Zhang et al, 2004; Ge et al, 2008; Fernándeza et al, 2008; Wang et al, 2007; Shekaari and Mousavi, 2009; Ries et al, 2008) . The properties of aqueous solutions of IL mixtures are important not only to technical and industrial applications of ILs, but also to examination of electrolyte theories.
Therefore, in this study the above-mentioned equations developed for prediction of the properties of mixed electrolyte solution were extended to the thermodynamic and transport properties of mixed IL solution. At the same time, the density and viscosity were measured for the ternary solutions [C 2 
Experimental section
All chemicals used in this study were of reagent grade with a claimed purity of >99%. Quinoline, n-C 2 H 5 Br, n-C 4 H 9 Br and n-C 6 H 13 Br were supplied by Shanghai Jiachen Chemical Co., Ltd. (China), and used for the synthesis of The experimental procedures are similar to those used in as follows. The binary aqueous solutions were prepared with double-distilled deionized water and the ILs using a Sartorius CT225D balance with a precision of ±5×10 g. The ternary solutions were prepared from the binary solutions, and the uncertainty was ±5×10 mol·kg . These solutions were placed into stoppered bottles and stirred for 2 h. All the solutions out one week after preparation to ensure complete dissolution. Densities of solutions were measured using a KEM oscillating-tube digital densimeter (DA-505) equiped with a thermostat with a precision of ± 0.01 °C (Hu et al, 2006b; Li et al, 2010) . The temperature in the measuring cell was monitored with a digital thermometer. The densimeter was calibrated with double-distilled water and dry air (Hu et al, 2006b; Salabat and Alinoori, 2009 ). The density of water at different temperatures has been reported in the literature (Stokes and Mills, 1965; George and Sastry, 2004) . The density of dry air at different temperatures was reported by Lemmon et al (2000) . The uncertainty in density measurements was ±5×10 g . cm . DSC measurements were performed with a TA Q2000 DSC calorimeter, in the temperature range of 20-200 °C, using a heating rate of 5 °C . min and helium as a purge gas.
1 H spectra were collected on a JEOL ECA-600 NMR spectrometer operating at 600.17 MHz. D 2 O was used as the solvent and all the NMR experiments were performed at room temperature.
Viscosity was measured using a modified CannonUbbelohde suspended level capillary viscometer (Li et al, 2010) . A thoroughly cleaned and perfectly dried viscometer filled with liquid was placed vertically in a glass sided temperature was achieved, the efflux time of the liquids was recorded with a digital stop watch with a precision of ± 0.01 s. Two measurements were performed on each sample. The capillary viscometers are calibrated and credited by the company, and all the deviations were within 0.2%. In our initial measurements, the capillary viscometer was also calibrated with deionized water (0.8903 mPas at 25 °C) (Stokes and Mills, 1965) .
Equations for prediction of density and viscosity of aqueous solutions of ionic liquids
In the following section, the variables with the superscript (o, I) together with the subscript M i X i were used to stand for the quantities of component M i X i in the binary solution , 1986a; 1986b) can be expressed as
, where y, m, , and M is ionic strength fraction, molality, density, and molar mass, respectively.
Hu's equation (Hu, 2004) for the viscosity of a mixed IL solution can be expressed as 
Comparisons with experimental data
The measured densities and viscosities were used to examine Eqs. (1) and (2), and the procedures are briefly summarized as follows:
1) The measured density and viscosity of the binary solutions is expressed respectively by the following polynomial equations Table 1 . 2) The compositions ( In this paper, the average relative errors between predicted and measured densities ( ) and viscosities ( ) of the mixed solution are as follows (Hu et al, 2006b ): where N is the number of experiments. and 2.6×10 -3 , respectively.
Results and discussion

O a t d i f f e r e n t t e m p e r a t u r e s . T h e t h i r d t o f i f t h c o l u m n s s h o w t h a t t h e a g r e e m e n t s a r e g o o d ; t h e Eq.1 v a l u e s f o r t h e t e r n a r y s o l u t i o n [ C
in Tables 5-7 and in Tables 8-10 Tables 5-7) M X ,(Eq.2) M X , exp. Tables 8-10 ) for the densities and viscosities of the ternary IL solutions from the data of their binary subsystems of equal ionic strength, which indicates that these simple equations can make full use of the information on the binary IL solutions, avoiding much complexity in the calculation of multicomponent thermodynamic and transport properties, and provide good predictions for the multicomponent IL solutions.
